Background: Joint contracture is the major clinical complication in burn patients, especially, the severe burn patients. This study aimed to investigate the number and severity of joint contractures in patients with burns affecting greater than or equal to 50% of the total body surface area (TBSA) undergoing early rehabilitation in a burn intensive care unit (BICU).
Background
The survival rates in severe burn patients have been significantly improved in the past few decades [1, 2] . As a result, the attention to burn care is shifting from saving life to issues of rehabilitation, such as function and social integration. During rehabilitation for burn patients, contracture is the major clinical complication in those with deep dermal and full-thickness burns that can induce the loss of joint mobility and dysfunction in ambulation and transfers, fine motor tasks, and activities of daily living [3] [4] [5] .
In burn patients, injury severity demographics, scar contractures, and rehabilitation treatment time are related to patient outcomes [6] . The acute development of burn scar contracture in burn survivors who receive adequate care and rehabilitation while in the hospital can be avoided [7] . The factors contributing to joint contracture can occur in two stages. In acute stage, burn patients receiving long-term immobilization of their extremities by positioning, pain management, and splinting were easily to have joint contracture [8, 9] . During the wound healing stage, the high-risk factors included race, gender, age, burn site, multiple surgical procedures, healing time, and burn severity of scar formation which could result in high prevalence rate of joint contracture [10] [11] [12] . Thus, there is a high prevalence of joint contracture in burn patients. The use of a rotating bed is the standard method for preventing pressure damage to the skin or skin grafts during the acute period in mainland China; however, this technique usually leads to immobilization for a long time. Traditional rehabilitation in mainland China may begin at least 1 month after injury when most of the wounds were healed [13] . Therefore, how to balance immobilization and early rehabilitation in a burn intensive care unit (BICU) [14] is still a challenge.
In the literature, Goverman et al. retrospectively reviewed 1865 burn patients and found that 33% of these patients developed at least one contracture at discharge [15] . Gangemi et al. reported contracture in 31% of 220 burn patients, among which 8% patients needed surgery [16] . Schneider et al investigated 11 burn patients and found that the mean number of joint contractures in an 11 patient group was four [17] . However, there was no investigation concerning both the frequency and severity of contractures in burn patients with burns affecting greater than or equal to 50% of the total body surface area (TBSA) undergoing early rehabilitation in a BICU. What are the effects of early rehabilitation in severe burn patients? Therefore, we collected demographic and medical data and analyzed the incidence, severity, and frequency of joint contracture in burn patients. Moreover, we also studied the factors that related to the incidence and severity of joint contractures.
Methods

Setting
As one of the largest burn units in mainland China, the Institute of Burn Research of the First Affiliated Hospital of Third Military Medical University (Army Medical University) has 125 inpatient beds, including 20 beds in the BICU, and has more than 1500 burn inpatients per year. Two rehabilitation therapists have provided early physical and occupational therapies in this BICU since 2011.
When the residual wound areas of severe burn patients are less than 5-10% of the TBSA, the patients have stable vital signs including blood pressure, blood oxygen saturation, pulse rate, respiratory rate, and body temperature, and there is no need for life support; these severe burn patients are transferred from the BICU to the mild burn ward. In the burn ward, patients receive standard burn care and are discharged from the hospital when there are no residual wound areas and there is no need for inpatient treatment.
Data collection
Clinical data of selected burn patients admitted to the BICU from January 2011 to December 2015 were extracted from case records and analyzed. This retrospective study was approved by the Ethical Committee in the First Affiliated Hospital of Third Military Medical University (Army Medical University). All the patients' information was kept confidential. The data included demographic information (age and sex), burn injury characteristics, length of BICU stay (BICU LOS), length of hospital stay (LOS)= BICU LOS+ mild ward LOS, inhalation injury, ventilator-dependent days, strict bed rest time, and BICU rehabilitation days (= BICU LOS − interrupted by surgery LOS). Severe burn patients in the BICU who needed more than moderate help to turn or reposition their bodies were transferred to a turning bed or a suspension bed. And the nurses or therapists helped them turn or reposition every 2 h. These details were recorded in their case records, and the length of time was defined as strict bed rest time in this study. The active range of motion (ROM) of different joints was measured using a goniometer and an inclinometer with a standardized technique approximately 1 month post-admission to the BICU. Joint muscle action in each plane was assigned a normal ROM based on physical examination conventions. Each impaired joint muscle action was assigned a severity rating. These ratings were determined by dividing the normal active ROM value equally in thirds (mild, moderate, and severe; Additional file 1: Table S1 ). A limitation in the ROM in at least one plane of motion at a specified joint was considered to be contracture at that joint. The most severe active ROM deficit was considered the category of joint contracture.
The inclusion criteria were as follows: (1) 16-65 years old, (2) admission to the BICU within 7 days post-injury, (3) early rehabilitation therapies performed within 7 days post-injury from therapists in the BICU from January 2011 to December 2015, (4) burn size equal to or more than 50% of the TBSA, and (5) survival from the burn injury.
The exclusion criteria were as follows: (1) same BICU LOS as the LOS (indicating that the patient might not meet the criteria for being transferred out of the BICU for various reasons, such as death), (2) lack of assessment data (indicating that the patients transferred to other hospitals or departments without first monthly rehabilitation assessment or the patients refused to receive rehabilitation treatment because of financial problem on hospital expense), (3) no rehabilitation performed, and (4) preexisting physical disabilities.
Early rehabilitation protocol in the BICU
Early rehabilitation in this manuscript was defined as the rehabilitation management provided by therapists on burn patients within 7 days post-injury. An initial assessment for patients in the BICU was performed within 7 days. Routine early rehabilitation intervention was provided by rehabilitation therapists after the shock period. The patients were assisted to attain an anticontracture position, followed by daily passive ROM exercises and dynamic/static splints used in an antideformity position if necessary. Active ROM exercises, transfer training, and tilt table training were performed under the rehabilitation therapists' professional guidance. If the patients were able to stand (including patients with mechanical ventilation), the therapists performed progressive ambulation around the bed under monitoring the patients' vital signs, including changes in heart rate, respiratory rate, and blood pressure, and performed a daily assessment of whether the patients could tolerate these rehabilitation exercises. Rehabilitation progressed based on the patient's medical condition and a monthly assessment report. The rehabilitation protocol for severe burn patients in the BICU is explained in Fig. 1 .
During the acute burn surgery, the rehabilitation management on surgical area would be interrupted for a few days. Therefore, the BICU rehabilitation days were also decreased. The surgical area was dressed with thick gauze in functional position after surgery. The therapists would monitor and assess the surgical area, followed by the doctors. In general, the rehabilitation management would restart at 3-5 days in split-thickness skin graft and 5-7 days in full-thickness skin graft after surgery.
Statistical analysis
The data were expressed as the mean ± standard deviation (SD) and median [Q1-Q3]. SPSS 23.0 software (Chicago, IL, U.S.) was used for statistical analysis in this study. Because most of the data were not normally distributed, nonparametric correlation (Spearman's correlation) analysis was first used to determine the relations to the presence, severity, and number of contractures. Then, we used binary logistic regression to analyze the predictors of the presence of contractures. For the three-level multinomial model in the severity of contractures (mild contracture, moderate contracture, and severe contracture), we tended to use ordinal logistic regression but it violates the proportional odds assumption. So, we chose a multinomial regression model instead given its less binding assumptions. Statistically significant was considered as p < 0.05.
Results
Demographic and injury-related medical data
During the study period from January 2011 to December 2015, 286 patients (≥ 50% of the TBSA affected) were collected in the BICU. Among these patients, a total of 108 patients met the inclusion criteria, while 178 burn patients were excluded. In the excluded patients, there were 37 dead patients, 34 patients younger than 16 years, 29 patients older than 65 years, 19 admission patients without 7 days post-injury, and 59 patients transferred to other hospitals or other departments with less than 20 days BICU stay. These excluded patients lack the monthly rehabilitation assessment. The demographic and medical data are presented in Table 1 .
There were 86 males and 22 females in the included patients. The average age was 37.3 years, and the mean affected TBSA was 67.4% (67.4 ± 12.2). The average deep thickness burned was 36.4% (36.4 ± 20.1). The full-thickness burned was 34.1% (34.1 ± 22.3). The median length of hospital stay was 83.5 days (83.5 (52.0-133.3)), and the average BICU LOS was 46.2 days (46.2 ± 28.8). In this study, fire/flame was the most common cause of burns, accounting for 70.3% of the etiologies. Among the 108 enrolled patients, 47.7% experienced inhalation injury (mostly the mild inhalation injury (20.7%)), and 37.8% of the subjects were supported by ventilators. The median duration of ventilator dependency was 5 days (5.0-10.0). The average duration of strict bed rest was 34.6 days (34.6 ± 27.9), and the average time of BICU rehabilitation was 29.7 days (29.7 ± 6.3).
In the excluded patients, there were five sub-groups including dead patients, patients younger than 16 years old, patients older than 65 years old, admission patients without 7 days post-injury, and patients with less than 20 days BICU stay. There were 37 dead patients in the excluded group with an average age of 36.9 years old. The TBSA burned area (86.3% ± 10.6) and full-thickness burned area (57.6% ± 23.7) in dead patients group were all much higher than other four excluded sub-groups and the included group. Similarly, the percent of severe inhalation injury (24.2%) and ventilator-dependent patients (40.5%) were much higher in the dead group. The length of BICU rehabilitation in the excluded group including the five sub-groups (7.8 ± 4.2, 14.7 ± 4.9, 2.3 ± 1.2, and 13.3 ± 6.2) was less than those in the included group (29.7 ± 6.3). Interestingly, the incidence of blast/explosion (21.2%) increased in the dead group. The fire/flame was also the first injury factor. But the incidence of scald (45.2%) increased in patients younger than 16 years old.
Severity and frequency of joint contracture
In the 108 surveys, the ROM of a total of 2436 joints was limited, and the ROM was mildly limited in 67.9% of joints ( Table 2 ). The wrist was the most commonly affected joint (18.2%), and the elbow was the least affected joint (15.0%) ( Table 3 ). One hundred and one of 108 burn patients showed at least one joint contracture. The total number of joint contractures was 525. There were 69 patients (63.9%) suffering from six joint contractures affecting the shoulder, elbow, wrist, hip, knee, and ankle (Table 4 ). 
Risk factors for joint contracture
Spearman's correlation coefficient analysis predicted that there was no relationship between the presence of contracture and either the demographic data (age and sex), affected TBSA, burn injury characteristics, BICU LOS, inhalation injury, or duration of ventilator dependency, or strict bed rest. However, the length of hospital stay was related to the presence of contractures (p = 0.035) ( Table 5 ). Then, binary logistic regression analysis indicated the same result that the length of hospital stay was positively related to the presence of contractures (p = 0.049) ( Table 6 ).
Full-thickness burns area and the duration of strict bed rest showed a negative association with contracture severity. However, rehabilitation time (days) in the BICU was associated with a reduction of severe burn contracture (p = 0.024). The full-thickness burn is 81.9% more likely to be associated with a severe rather than mild contracture (p = 0.024). Similarly, the full thickness is 56.7% associated with a severe rather than mild contracture (p = 0.020). The strict bed rest time (days) is 76.8% associated with severe contracture compared to mild contracture (p = 0.012). However, the amount of rehabilitation stay (days) was 54.5% more likely associated with a moderate contracture than a severe contracture (P = 0.024) ( Table 7 ).
Discussion
In this study, a total of 286 burn patients with ≥ 50% of the TBSA were admitted to BICU. The percentage of male (55.2-89.2%) was much higher than female ( [15] . In addition, according to our early survey on the current status of burn rehabilitation services in China, early rehabilitation therapy is still not widely accepted in the hospital, especially in the acute burn care stage. Only 29.2% of burn centers began early rehabilitation therapy in 1 week after burn [13] . Therefore, the burn patients transferred to the primary hospital or other departments could Patients number with six contractures 69 SD standard deviation not receive rehabilitation therapy. Interestingly, the excluded dead patients group had a much higher ratio of chemical agent and blast/explosion than the included group. These patients in this excluded dead group were easily to suffer from chemical poison and combined injuries, such as kidney failure, severe inhalation injury, or heart injury, inducing multiple organ failure and death. Therefore, the severe inhalation injury percentage of inhalation injury, the rate of ventilator-dependent patients, and ventilatordependent duration in the excluded dead group were all much higher compared to other excluded sub-groups and the included group. Larger TBSA burned, being more likely to cross multiple joints, is a high risk of developing contractures. Therefore, how to decrease the morbidity of contracture and the severity of contracture in larger TBSA burned patients is very important in the burn treatment. In our study, many factors contributed to burn contracture in severe larger burn patients. Interestingly, risk factors such as TBSA burns and medical problems that have demonstrated as predictors of the presence of contractures [15] had no relationship with the occurrence of contracture. Our results indicated that the longer the stay in the hospital was, the more likely burn patients were to have contractures. This may be because the longer time the patients spent in the hospital, the more severe burns they had. Thus, these patients had a high presence of contractures. Moreover, the incidence of contracture in severe burn patients (93.5%) was significantly higher than that in general burn patients (38-54%). The depth of the burn, duration of strict bed rest, and duration of BICU rehabilitation analyzed by logistic regression were shown to be associated with the severity of contracture in our study. The main column of interest in Table 7 is headed "odds ratio." An odds ratio of 1 is a null value, meaning that the predictor has no effect on the outcome of interest. But an odds ratio greater or less than 1 is associated with an increase or decrease in the odds of the outcome of interest. In our study, the odds ratio associated with full thickness in mild contracture is 0.181, meaning that the full thickness is 81.9% (= 1-0.181) more likely to be associated with a severe rather than mild contracture. The full thickness is 56.7% (= 1-0.433) associated with a severe rather than mild contracture. The odd ratio associated with strict bed rest time is 0.232, meaning that the strict bed rest time (days) is 76.8% (= 1-0.232) associated with severe contracture rather than mild contracture. As another result, the odd ratio associated with BICU rehabilitation days is 1.545, meaning that the BICU rehabilitation days in moderate contracture are 54.5% (=1.545-1) longer than that in severe contracture. Therefore, the full-thickness depth, duration strict bed rest, and BICU rehabilitation days had higher values contributing to [18] . Similarly, our data indicated that early rehabilitation could be useful for severe burn patients.
In inclusion population of our study, only seven of 108 enrolled burn patients developed no joint contracture; thus, 93.5% of severe burn patients had at least one contracture at discharge. The seven burn patients without joint contractures have the same characteristics. First, the affected TBSA of the burn patients was 50-55%. Second, the burns at the joint location in these patients were superficial partial thickness burns; thus, the burns at the joint could heal in 2 weeks without scar formation. With early rehabilitation, these seven burn patients were transferred from a rotating bed to a normal hospital bed in a short time, leading to effective limb movement, especially active ROM. The severe burn patients had an obviously higher incidence of joint contracture (93.5%) than the general burn patients (38-54%) at hospital discharge [15, 19] . This may in part be because burns affecting a larger TBSA were likely to cross more joints; therefore, these burns were associated with at a statistically higher risk of joint contracture. In this report, our data showed that the upper extremities had a higher incidence of joint contracture than the lower extremities, which is similar to the results in the general population of burn patients [19, 20] . In terms of etiology, fire/ flame was the main cause of burns in our study (70.3%). The patients were likely to try to put out the fire with their hands in an unconscious response. As a result, the wrist was the most severely and frequently involved joint (18.2%).
Martin's work indicated that postural treatment, kinesiotherapy, and functional recovery were the three pillars of rehabilitation in extensively burned patients [21] . Porter's study showed that structured rehabilitative exercise was a safe and efficacious strategy to restore physical function in burn patients [22] . The rehabilitation of burn patients requires a coordinated multidisciplinary team that includes burn surgeons and nurses, physical and occupational therapists, and rehabilitation nurses [23, 24] . In this study, rehabilitation assessment was performed early by the therapists during the postshock phase after admission to the BICU, immediately followed by a comprehensive rehabilitation program developed by the professional therapists and nurses. Appropriate positioning, maintenance of ROM, and splint support were the main methods of rehabilitation used to keep the joints in noncontracted and functional positions in patients with unstable vital signs. To minimize the incidence of joint contracture resulting from long-term immobilization, passive and active ROM exercise and mobility training performed at least twice a day were added to the rehabilitation plan for severe burn patients after the shock phase in this study.
As a developing country, China has a higher incidence of burns than developed countries [13, 25] . In mainland China, burn patients with burns affecting greater than or equal to 50% of the TBSA are classified as the most serious cases and are directly admitted to the BICU. Some severe burn patients are immobilized on a rotating bed after the early shock phase [26] . The rotating beds used in BICU only allow positioning of the patient in a supine or a prone position, which might restrict joint movement and lead to joint contracture. Usually, traditional rehabilitation interventions in mainland China are provided after most wound areas are healed. In contrast, early rehabilitation in burn patients showed improvement in joint ROM and a shorter BICU LOS and in the hospital [27] [28] [29] . According to the analysis in this study, we found that when early rehabilitation was performed within 7 days post-injury, severe burn patients could have fewer contractures of decreased severity. Hence, the data in this study could help to investigate the epidemiology of joint contractures in severe burn patients, to identify the associated risk developing joint contracture, and to either prevent or decrease the severity of joint contracture by interventions including early rehabilitation in the BICU during the early stages.
